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Resumen
(OPRQRIRVIDWRGHDGHQRVLQDFtFOLFR$03FLQGXFHODDFWLYDFLyQGHODSURWHtQDFLQDVD$ODFXDOUHJXODQHJDWLYDPHQWHODDFWLYDFLyQODSUROLIHUDFLyQ
FHOXODU\ODSURGXFFLyQGH,/HQFpOXODV7(QFpOXODVLQIHFWDGDVFRQHOYLUXVGHLQPXQRGHÀFLHQFLDKXPDQDHOPRQRIRVIDWRGHDGHQRVLQDFtFOLFR
VXSULPHODDFWLYLGDGGHWUDQVFULSFLyQGHOSURPRWRUGHOYLUXV\HOSDVRGHO$'1YLUDOGHOFLWRSODVPDDOQ~FOHR(OLQFUHPHQWRGHOPRQRIRVIDWRGH
DGHQRVLQDFtFOLFRPHGLDGRSRUFpOXODV7UHJXODGRUDV&'HPSOHDQGRODLQ\HFFLyQGHHVWDPROpFXODHQFpOXODVEODQFRDWUDYpVGHODVXQLRQHVFR-
PXQLFDQWHV RHPSOHDQGRHOHMH&'&'SDUDJHQHUDUDGHQRVLQDHVXWLOL]DGRSDUDVXSULPLURWUDVSREODFLRQHVFHOXODUHV
(QHVWDUHYLVLyQVHSURSRQHTXHODPRGXODFLyQGHOPRQRIRVIDWRGHDGHQRVLQDFtFOLFRSRU ODVFpOXODV7UHJXODGRUDV&'SRGUtDWHQHUXQSDSHO
GXDOGXUDQWHODHYROXFLyQGHODLQIHFFLyQSRUHOYLUXVGHLQPXQRGHÀFLHQFLDKXPDQD6XSDSHOEHQpÀFRVHFHQWUDUtDSULQFLSDOPHQWHHQHOFRQWUROGH
ODUHSOLFDFLyQYLUDO\IDFWRUHVGHWUDQVFULSFLyQRHYLWDQGRODLQIHFFLyQGHQXHYDVFpOXODVEODQFRSRUGLVPLQXFLyQHQODH[SUHVLyQGHORVUHFHSWRUHV
YLUDOHV3DUDGyMLFDPHQWHODVHJXQGDSRVLELOLGDGHVTXHHODXPHQWRGHOPRQRIRVIDWRGHDGHQRVLQDFtFOLFRSRGUtDWHQHUXQSDSHOSHUMXGLFLDOGHELGR
DOHIHFWRQHJDWLYRVREUHODSUROLIHUDFLyQDFWLYDFLyQUHVSXHVWDFLWRWy[LFD\HQODSURGXFFLyQGHFLWRFLQDVTXHVHREVHUYDGXUDQWHODLQIHFFLyQYLUDO
Palabras clave: $03FtFOLFR9,+FpOXODV7UHSOLFDFLyQYLUDOXQLRQHVFRPXQLFDQWHVDGHQRVLQD
Abstract
&\FOLFDGHQRVLQHPRQRSKRVSKDWHLQGXFHVWKHDFWLYDWLRQRISURWHLQNLQDVH$ZKLFKQHJDWLYHO\UHJXODWHVDFWLYDWLRQSUROLIHUDWLRQDQG,/SURGXFWLRQLQ
7FHOOV,QFHOOVLQIHFWHGZLWKKXPDQLPPXQRGHÀFLHQF\YLUXVF\FOLFDGHQRVLQHPRQRSKRVSKDWHVXSSUHVVHVWKHWUDQVFULSWLRQDODFWLYLW\RIORQJWHUPLQDO
UHSHDWVDQGWKHDPRXQWRIYLUDO'1$IURPWKHF\WRSODVPWRWKHQXFOHXV7KHLQFUHDVHLQF\FOLFDGHQRVLQHPRQRSKRVSKDWHPHGLDWHGE\&'UHJXOD-
WRU\7FHOOVXVLQJHLWKHUWKHLQÁX[RIWKLVPROHFXOHLQWDUJHWFHOOVWKURXJKWKH*$3MXQFWLRQVRUE\&'&'WRJHQHUDWHDGHQRVLQHLVXVHGE\&'
UHJXODWRU\7FHOOVWRVXSSUHVVRWKHUFHOOSRSXODWLRQV,QWKLVUHYLHZZHVXJJHVWWKDWPRGXODWLRQRIF\FOLFDGHQRVLQHPRQRSKRVSKDWHE\&'UHJXOD-
WRU\7FHOOVPD\KDYHDGXDOUROHGXULQJWKHHYROXWLRQRIKXPDQLPPXQRGHÀFLHQF\YLUXVLQIHFWLRQ7KHEHQHÀFLDOUROHZRXOGEHPDLQO\IRFXVHGRQWKH
FRQWURORIYLUDOUHSOLFDWLRQDQGWUDQVFULSWLRQIDFWRUVWRUHSOLFDWHWKHYLUXVDQGRUSUHYHQWLQJWKHLQIHFWLRQRIQHZWDUJHWFHOOVGHFUHDVLQJWKHH[SUHVVLRQ
RIWKHYLUDOFRUHFHSWRUV3DUDGR[LFDOO\WRWKLVEHQHÀFLDOUROHWKHVHFRQGSRVVLELOLW\LVWKDWLQFUHDVHGF\FOLFDGHQRVLQHPRQRSKRVSKDWHFRXOGKDYHD
GHWULPHQWDOUROHGXHWRWKHQHJDWLYHHIIHFWRQSUROLIHUDWLRQDFWLYDWLRQF\WRWR[LFUHVSRQVHDQGF\WRNLQHSURGXFWLRQZKLFKRFFXUVGXULQJYLUDOLQIHFWLRQ
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Introducción
(OPRQRIRVIDWRGHDGHQRVLQDFtFOLFR$03FHVXQ
VHJXQGRPHQVDMHURLQYROXFUDGRHQODDFWLYLGDG
GHWUDQVFULSFLyQGHJHQHVTXHPHGLDQODSURJUH-
VLyQGHOFLFORFHOXODUGLYHUVDVUHVSXHVWDVFHOXOD-
UHV\ODVUHVSXHVWDVLQPXQLWDULDVLQQDWD\DGDS-
WDWLYD(VWDPROpFXODSXHGHUHJXODUODDFWLYLGDG
IXQFLRQDOGHFpOXODV7 UHJXODGRUDV&')R[S
7UHJ7FRQYHQFLRQDOHV&')R[S- 7FRQ\GH
FpOXODVSUHVHQWDGRUDVGHDQWtJHQR$GLIHUHQ-
FLDGHODVFpOXODV7FRQODV7UHJ&'WLHQHQXQ
SDSHOFUXFLDOHQODVXSUHVLyQGHODUHVSXHVWDLQ-
PXQLWDULDFRQWURODQGRODUHVSXHVWDLQÁDPDWRULD
H[DFHUEDGDORVSURFHVRVDXWRLQPXQLWDULRV\ODV
UHVSXHVWDVDOpUJLFDV
 
(Q DOJXQRV HVWXGLRV VH KD UHVDOWDGR OD LPSRU-
WDQFLDGHO$03FHQODVDOWHUDFLRQHVLQPXQLWDULDV
DVRFLDGDVDODLQIHFFLyQSRUHOYLUXVGHODLQPX-
QRGHÀFLHQFLDKXPDQD 9,+ SDUWLFXODUPHQ-
WHSRUVHUXQRGHORVPHFDQLVPRVGHVXSUHVLyQ
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GHODV7UHJ,JXDOPHQWHVHKDSRVWXODGRTXH
PHGLDQWH OD DFWLYDFLyQ GH OD YtD GHO $03F VH
SXHGHQFRQWURODUORVSURFHVRVGHLQIHFFLyQ\UH-
SOLFDFLyQGHOYLUXV
/D LQIHFFLyQ FRQ HO 9,+ VH FDUDFWHUL]D SRU HO
GHVDUUROOR SURJUHVLYR GH XQD LQPXQRGHÀFLHQ-
FLD TXH FRPSURPHWH OD LQPXQLGDG LQQDWD \ OD
DGDSWDWLYD(VWDVDOWHUDFLRQHVIXQFLRQDOHVLQFOX-
\HQGLVPLQXFLyQHQ ODSURGXFFLyQGHFLWRFLQDV
SUROLIHUDFLyQGHFpOXODV7\GLVPLQXFLyQGHODFL-
WRWR[LFLGDGGHFpOXODV7&'DVtFRPRXQDGLV-
PLQXFLyQHQODPDGXUDFLyQ\SURGXFFLyQGHLQ-
WHUOHXFLQD,/SRUFpOXODVGHQGUtWLFDV
/DV DOWHUDFLRQHV VH KDQ DVRFLDGR FRQ FDPELRV
FXDQWLWDWLYRV\IXQFLRQDOHVGHODVFpOXODV7&'
FRQ OD VXSUHVLyQPHGLDGDSRU ODV7UHJ&'\
FRQODH[SUHVLyQGHPROpFXODVLQKLELWRULDVHQGL-
IHUHQWHVVXESREODFLRQHVFHOXODUHV
(Q HVWD UHYLVLyQ VH GHVFULEHQ ORV DVSHFWRV UH-
ODFLRQDGRVFRQHOXVRGHO$03FSRUODVFpOXODV
7UHJ&'FRPRPHFDQLVPRGHUHJXODFLyQ LQ-
PXQLWDULD\HOHIHFWRGHO$03FHQODPRGXODFLyQ
GHODLQIHFFLyQUHSOLFDFLyQGHO9,+3DUDHOGHVD-
UUROORGHHVWDUHYLVLyQVHEXVFyHQODVEDVHGH
GDWRV3XEPHGFRPELQDQGRORVWpUPLQRV+,9
DQG cAMP, regulatoryTcells and GAP junctions, 
CD39, adenosine.
Vía de señalización del AMPc
/RV QLYHOHV GH$03F LQWUDFHOXODU VRQ FRQWUROD-
GRVSRUGRVJUXSRVGHHQ]LPDVODDGHQLOFLFODVD
TXHVHHQFXHQWUDHQVXPD\RUtDXQLGDDODFDUD
LQWHUQDGH ODPHPEUDQDFHOXODUTXHXVDHO WUL-
IRVIDWRGHDGHQRVLQD$73FRPRVXVWUDWRSDUD
SURGXFLU$03F\SRUODVIRVIRGLHVWHUDVDVXELFD-
GDVHQGLIHUHQWHVFRPSDUWLPLHQWRVVXEFHOXODUHV
TXHKLGUROL]DQHO$03FKDFLDVXIRUPDLQDFWLYD
FRQRFLGD FRPR DGHQRVLQD CPRQRIRVIDWR 
(QFpOXODVGHPDPtIHURVVHKDQUHSRUWDGRKDVWD
HOPRPHQWRGLIHUHQWHVLVRIRUPDVGHODIDPLOLD
GHHQ]LPDVGHODDGHQLOFLFODVD$&$&\
SDUDODIRVIRGLHVWHUDVD3'(3'(
(OLQFUHPHQWRGHO$03FLQGXFHODDFWLYDFLyQGH
ODSURWHtQDFLQDVD$ODFXDOUHJXODODDFWLYDFLyQ
GHODVFpOXODV7\ODWUDQVFULSFLyQGHORVJHQHVLQ-
YROXFUDGRVHQODSURJUHVLyQGHOFLFORFHOXODUODV
YtDVJOXFROtWLFDV\ODVOLSROtWLFDV/DXQLyQGHO
$03FDODVXEXQLGDGUHJXODGRUDGHODSURWHtQD
FLQDVD$LQGXFHVXDFWLYDFLyQDOOLEHUDUODVXEX-
QLGDG FDWDOtWLFD HQ OD FDUD LQWHUQDGH ODPHP-
EUDQDFHOXODU OD IRVIRULODFLyQGH WLURVLQDFLQDVD
&src &VNSRUODSURWHtQDFLQDVD$LQFUHPHQWD
VX DFWLYLGDG SRVWHULRUPHQWH OD &VN IRVIRULOD H
LQDFWLYDD OD WLURVLQD FLQDVDHVSHFtÀFDGH OLQIR-
FLWRV/FNSURWHtQDLPSRUWDQWHHQODDFWLYDFLyQ
SUR[LPDOGHOUHFHSWRUGHFpOXODV7'LIHUHQWHV
YtDV GH VHxDOL]DFLyQ SXHGHQ VHU UHJXODGDV SRU
ODDFWLYLGDGGHODSURWHtQDFLQDVD$ODSURWHtQD
XQLGRUDGHORVHOHPHQWRVGHUHVSXHVWDDO$03F
&5(%HVIRVIRULODGDSRUHVWDFLQDVDHQODVHUL-
QD ORFXDOEORTXHD OD IRUPDFLyQGHOFRP-
SOHMRFRQHOFRDFWLYDGRUGHXQLyQD&6.&%3\
ODXQLyQDORVHOHPHQWRVGHUHVSXHVWDDO$03F
&5(ORVFXDOHVSXHGHQVHUHQFRQWUDGRVHQ
JHQHVTXHFRGLÀFDQSRUHOUHFHSWRUGHFpOXODV7
RHQRWURVJHQHV LQYROXFUDGRVHQ ODDFWLYDFLyQ
GHODFpOXODV7$GHPiVODSURWHtQDFLQDVD$
UHJXODODDFWLYLGDGGHOIDFWRUQXFOHDUGHFpOXODV
7 DFWLYDGDV &XDQGR HVWD SURWHtQD HV IRVIRULOD-
GDSRUODSURWHtQDFLQDVD$FUHDVLWLRVGHXQLyQ
SDUD RWUR SURWHtQD OODPDGD  JUXSR GH
SURWHtQDV GLPpULFDV DOWDPHQWH FRQVHUYDGDV OD
IRUPDFLyQGHHVWHQXHYRFRPSOHMRGLVPLQX\HOD
DFWLYLGDGGHWUDQVFULSFLyQGHOIDFWRUQXFOHDUGH
FpOXODV7DFWLYDGDV
(QHVWDGR UHSRVRHO1)Ǌ%VHHQFXHQWUDHQHO
FLWRSODVPDGHODFpOXODDFRSODGRDVXLQKLELGRU
,Ǌ%TXHSUHYLHQHVXWUDQVORFDFLyQDOQ~FOHR'X-
UDQWH OD DFWLYDFLyQ FHOXODU HO ,Ǌ% HV IRVIRULODGR
SRUXQDFLQDVDGH,.%ORFXDOLQGXFHODVHSDUD-
FLyQGHOFRPSOHMR1)Ǌ%,Ǌ%3RUHOFRQWUDULR
FXDQGR OD SURWHtQD FLQDVD $ HV IRVIRULODGD VX
VXEXQLGDGFDWDOtWLFD3.$&VHXQHDHVWHFRP-
SOHMR1)Ǌ%,Ǌ%HVWDELOL]iQGROR\PDQWHQLHQGR
HOFRPSOHMRLQDFWLYR
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2WURVEODQFRVGHIRVIRULODFLyQGHODSURWHtQDFL-
QDVD$VRQODVSURWHtQDV5DI5DV0HN\+H373
GH OD YtD GH ODV0$3. FLQDVDV \ GH 3/&į o 
3/&ǄHQODYtDGHOIRVIDWLGLOLQRVLWRO
(Q UHVXPHQ HVWR VXJLHUH TXH OD VHxDOL]DFLyQ
LQGXFLGD SRU OD SURWHtQD FLQDVD $ EORTXHD ODV
LQWHUDFFLRQHVHQWUHSURWHtQDV\ ODDFWLYLGDGHQ-
]LPiWLFDGHGLIHUHQWHVFLQDVDV(QWUHORVVXVWUD-
WRV GH OD SURWHtQD FLQDVD $ LQYROXFUDGRV HQ OD
DFWLYDFLyQ LQPXQLWDULD VH LQFOX\HQ PROpFXODV
WHPSUDQDVGHODDFWLYDFLyQFHOXODUWDUGtDVFRPR
IDFWRUHV GH WUDQVFULSFLyQ \ DGHPiVPLHPEURV
GHODV0$3.FLQDVDV\IRVIROLSDVDV
$XQTXHHOSULQFLSDOEODQFRGHO$03FHVODSUR-
WHtQDFLQDVD$ WDPELpQVHKDGHPRVWUDGRTXH
DFWLYDGLUHFWDPHQWHDODSURWHtQDLQWHUFDPELDGR-
UDDFWLYDGDSRU$03F (3$&\ (VWD YtDHV
LQGHSHQGLHQWHGH ODSURWHtQDFLQDVD$\UHJXOD
ODDFWLYDFLyQGHXQD*73DVD OODPDGD5DS  
(VWDVHKDDVRFLDGRDOPDQWHQLPLHQWRGHODDQHU-
JLDGHODVFpOXODV7\DODUHJXODFLyQQHJDWLYDGH
JHQHVGHFLWRFLQDVPROpFXODVFRHVWLPXODGRUDV\
UHFHSWRUHVGHTXLPLRFLQDV
Diferencias metabólicas que definen los 
niveles de AMPc en células Treg CD4+ y 
células Tcon
/DV7UHJVRQXQDVXESREODFLyQGHFpOXODV7&' 
FDUDFWHUL]DGDVSRUVHUSRWHQWHVLQKLELGRUHVGHOD
DFWLYDFLyQ\H[SDQVLyQGHRWUDVVXESREODFLRQHV
FHOXODUHVWDQWRin vitro como in vivo/DVFpOXODV
7UHJ&'DGHPiVGHUHTXHULUGHOHVWtPXORGHO
UHFHSWRU GH FpOXODV 7 VRQ GHSHQGLHQWHV GH OD
YtDGHVHxDOL]DFLyQLQGXFLGDSRUOD,/SDUDVX
GHVDUUROOR H[SDQVLyQ \ IXQFLyQ HQ OD SHULIHULD
&OiVLFDPHQWH HVWDV FpOXODV VH LGHQWLÀFDQ SRU
ODDXVHQFLDREDMDH[SUHVLyQGHOUHFHSWRUGH OD
,/ &' SRU OD H[SUHVLyQR DOWD GHQVLGDG
GHODFDGHQDDOIDGHOUHFHSWRUGHOD,/&'
\HOIDFWRUGHWUDQVFULSFLyQ)R[S&'&'
/RZ&'+L)R[S /DV FpOXODV 7UHJ &' se 
FODVLÀFDQHQ7UHJQDWXUDOHVVLVHRULJLQDQGLUHF-
WDPHQWHHQHOWLPRR7UHJLQGXFLGDVVLVHRULJL-
QDQHQODSHULIHULDDSDUWLUGHFRQYHUVLyQGHXQD
FpOXOD7FRQ$GHPiVHVWDVFpOXODV7UHJSXH-
GHQH[SUHVDURWUDVPROpFXODVFRPRHODQWtJHQR
GHOOLQIRFLWR7FLWRWy[LFR&7/$\HOreceptor 
GHOIDFWRUGHQHFURVLVWXPRUDOinducido por glu-
cocorticoides *,75 ORV FXDOHVHVWiQDVRFLDGRV
D VXDFWLYLGDGVXSUHVRUD  3RU VX ODGRXQD
FpOXOD7FRQ&'R&'VHFDUDFWHUL]DSRUODDX-
VHQFLDGHH[SUHVLyQGH)R[S\SRUVXFDSDFLGDG
SDUDOOHYDUDFDERIXQFLRQHVHIHFWRUDV
 
$ GLIHUHQFLD GH ODV 7FRQ ODV FpOXODV 7UHJ
&'FRQWLHQHQJUDQGHVFDQWLGDGHVGH$03F
ÀJXUD ORFXDOVHSXHGHH[SOLFDUSRU ODDOWD
H[SUHVLyQ  YHFHVPiV GH OD DGHQLOFLFODVD 
$& $GHPiVVHKDREVHUYDGRTXHODDOWD
H[SUHVLyQGHO&'HQODVFpOXODV7UHJ&'OR
FXDOOHVFRQÀHUHXQDYHQWDMDFRPSHWLWLYDSRUOD
,/FRQUHVSHFWRDODV7FRQIDYRUHFHODDF-
WLYDFLyQGH ODDGHQLOFLFODVD\ ODDFXPXODFLyQ
GH$03FHVWDH[SUHVLyQGLIHUHQFLDOGHO&'
\ ODVDGHQLOFLFODVDVHQ ODVFpOXODV7UHJ&' es 
FRQWURODGDSRUHO)R[S(QFRQWUDVWHFRQHVWH
HIHFWRDQDEyOLFRODV7UHJ&'WLHQHQXQDEDMD
WDVD GH GHJUDGDFLyQ GHO $03F GHELGR D TXH
VHKDREVHUYDGRTXHHQHVWDVXESREODFLyQFH-
OXODU ODH[SUHVLyQGH ODHQ]LPD IRVIRGLHVWHUDVD
E HVWi GLVPLQXLGD ÀJXUD   +DOOD]JRV
UHFLHQWHVGHPXHVWUDQTXH OD FRQFHQWUDFLyQGH
$03FHVFRQWURODGDSRUHOPL5SXQPL-
FUR$51TXHUHJXODODDFWLYLGDGGHWUDQVFULSFLyQ
GHO)R[S\SRUHQGHODH[SUHVLyQGHODDGHQL-
OFLFODVD HQ ODV FpOXODV 7FRQ HOPL5S LQ-
KLEHODSURGXFFLyQGHDGHQLOFLFODVDPLHQWUDV
TXHHQODV7UHJ&'HVWHHIHFWRQRVHREVHUYD
GHELGRDTXHHO IDFWRUGH WUDQVFULSFLyQ )R[S
UHJXODQHJDWLYDPHQWHODH[SUHVLyQGHPL5
S\PDQWLHQHDFWLYDODYtD$&$03F(VWRV
GDWRVVXJLHUHQTXHODJUDQDFWLYLGDGDQDEyOLFD
PHGLDGDSRUODDGHQLOFLFODVDFRQODPHQRUDFWL-
YLGDGFDWDEyOLFDPHGLDGDSRUIRVIRGLHVWHUDVDV
H[SOLFDUtDQORVDOWRVQLYHOHVGH$03FHQODVFp-
OXODV7UHJ&'ÀJXUD
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El AMPc en procesos de regulación 
inmunitaria
Alteraciones en la respuesta inmunitaria media-
das por el incremento de AMPc intracelular. (Q
FpOXODVGHOVLVWHPDLQPXQLWDULRODYtD$03F3.$
PRGXODODSUROLIHUDFLyQ\ODWUDQVFULSFLyQGHJH-
QHVGHFLWRFLQDVDWUDYpVGHYDULDVYtDVGHVHxD-
OL]DFLyQ(OWUDWDPLHQWRGHODVFpOXODV7UHJ
&'FRQUROLSUDPXQLQKLELGRUGHODIRVIRGLHV-
WHUDVD(3'(SUHYLHQHODSRFDGHJUDGDFLyQ
GHO $03F LQWUDFHOXODU LQFUHPHQWDQGR D~QPiV
ORV QLYHOHV GH $03F \ SRWHQFLDQGR VX FDSDFL-
GDGVXSUHVRUDin vivoVREUHFpOXODV7KGHHVWD
PDQHUD VH ORJUDXQPD\RU FRQWUROGH OD LQÁD-
PDFLyQWLVXODU\GHODVHQIHUPHGDGHVUHVSLUDWR-
ULDVDOpUJLFDV 3RUHOFRQWUDULRHQODVFpOXODV
7UHJ&'GHSDFLHQWHVFRQFiQFHUGHFRORQHO
WUDWDPLHQWRFRQDQWDJRQLVWDVDQiORJRVHVWUXF-
WXUDOHV GHO $03F LQKLELGRU FRPSHWLWLYR SRU HO
VLWLRGHXQLyQDODSURWHtQDFLQDVD$GLVPLQX\H
ODVXSUHVLyQLQPXQLWDULD\DXPHQWDODUHVSXHVWD
LQPXQLWDULDDQWLWXPRUDO  ORFXDO VXJLHUHTXH
OD LQKLELFLyQGH ODYtD$03F3.$SRGUtDVHUXQ
EODQFRWHUDSpXWLFRHQHQIHUPHGDGHVHQODVTXH
ODH[FHVLYDUHJXODFLyQLQPXQLWDULDPHGLDGDSRU
ODVFpOXODV7UHJ&'MXHJDXQSDSHOSDWRJpQLFR
&XDQGR ODVFpOXODV7FRQVRQ WUDWDGDV LQGHSHQ-
GLHQWHPHQWHFRQODWR[LQDGHOFyOHUDpVWDDFW~D
VREUHODVXEXQLGDGDOIDGHODSURWHtQD*KHWHUR-
WULPpULFDUHVSRQVDEOHGHWUDGXFFLyQGHVHxDOHV
LQWUDFHOXODUHV FDWDOL]DQGR OD XQLyQGH$'3UL-
ERVD FLWRSOiVPLFD D GLFKD VXEXQLGDG UHDFFLyQ
OODPDGD´ULERVLODFLyQµGH$'3(VWDXQLyQSURGX-
FHODDFWLYDFLyQSHUPDQHQWHGHODDGHQLOFLFODVD
ODTXHDVXYH]DXPHQWDORVQLYHOHVGH$03FOR
FXDOHVWiDVRFLDGRFRQODGLVPLQXFLyQHQODSUR-
OLIHUDFLyQ\HQODSURGXFFLyQGH,/HQUHVSXHV-
WDDODHVWLPXODFLyQFRQDQWL&'$GHPiVHVWH
HVWtPXORSURPXHYHODDGTXLVLFLyQGHIXQFLRQHV
UHJXODGRUDVHQFpOXODV7FRQFRPRODLQKLELFLyQ
GH ODSUROLIHUDFLyQGHRWUDV7FRQHQFRFXOWLYRV
GHFpOXODV7FRQWUDWDGDVFRQODWR[LQDGHOFyOH-
UD\7FRQVLQWUDWDU(OPHFDQLVPRSURSXHVWR
SDUDHVWHHIHFWRHVHODXPHQWRHQODH[SUHVLyQ
GHODPROpFXODLQKLELWRULD&7/$PHGLDGRSRU
HO$03F(VWRLQGLFDTXHVHQHFHVLWDQEDMDVR
DOWDVFRQFHQWUDFLRQHVGH$03FHQFpOXODV7FRQ
SDUDGHÀQLUVXIXQFLyQHIHFWRUDRVXSUHVRUDUHV-
SHFWLYDPHQWH
$GHPiV HO $03F SXHGH DIHFWDU OD DFWLYLGDG
IXQFLRQDO GH ORV PRQRFLWRV \ GH ODV FpOXODV
GHQGUtWLFDVpVWH LQKLEH ODPDGXUDFLyQGHHVWDV
VXESREODFLRQHVFHOXODUHVDVtFRPRODFDSDFLGDG
GHH[SUHVDU&'PROpFXODFRHVWLPXODGRUDOD
LQWHUQDOL]DFLyQ GH DQWtJHQRV 37 \ OD FDSDFLGDG
GH SURGXFLU HO IDFWRU GH QHFURVLV WXPRUDO DOID
71)į,/S\SDOEORTXHDUODXQLyQ
GHOIDFWRUGHWUDQVFULSFLyQ,5)DOSURPRWRUGH
OD ,/ 2WUDFLWRFLQDUHJXODGDSRUHO$03F
HV OD ,/ ODFXDOFRQWURODHQFpOXODVGHQGUtWL-
FDV ODH[SUHVLyQGHPROpFXODV FRHVWLPXODGRUDV
GHOFRPSOHMRPD\RUGHKLVWRFRPSDWLELOLGDGGH
FODVH ,, HO FXDO FRQWLHQH HOHPHQWRV &5( \ OD
SURGXFFLyQGH ,/  (QPRQRFLWRV VHKD
Figura 1. 'LIHUHQFLD HQ HO FDWDEROLVPRDQDEROLVPR GHO $03F
LQWUDFHOXODU \ DGHQRVLQD SRU FpOXODV 7UHJ &' \ 7FRQ /DV FpOXODV
7UHJ&'FRQWLHQHQDOWRVQLYHOHVGH$03FLQWUDFHOXODUGHELGRDOD
H[SUHVLyQGH)R[STXHPDQWLHQHODYtDDQDEyOLFDGHO$03FDFWLYD
FRPRUHVXOWDGRGHODH[SUHVLyQGH&'\GHODVDGHQLOFLFODVDV$&
/D H[SUHVLyQ GH ODV PROpFXODV &' \ &' WDPELpQ FRQWURODGD
SRU )R[S LQGXFH OD GHJUDGDFLyQ GHO $73 \ DXPHQWD ORV QLYHOHV
GHDGHQRVLQDHQHOPLFURDPELHQWH$GLIHUHQFLDGH ODVFpOXODV7UHJ
&' HQ ODV FpOXODV 7FRQ )R[S- 7EHWR*$7$ R 525ǅW VH
PDQWLHQHQEDMRVORVQLYHOHVGH$03FLQWUDFHOXODUGHELGRDXQPD\RU
FDWDEROLVPR GHO $03F PHGLDGR SRU OD IRVIRGLHVWHUD E 3'( E
HVWD VXESREODFLyQ FHOXODU H[SUHVD ODVPROpFXODV &' \$'$SDUD
JHQHUDU LQRVLQD D SDUWLU GH OD GHJUDGDFLyQ GH OD DGHQRVLQD HQ HO
PLFURDPELHQWH
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AMPc: una molécula clave en los eventos de regulación inmunitaria y en el control de la replicación del VIH
UHSRUWDGRTXHHO$03FLQGXFHODSURGXFFLyQGH
,/SRUPHGLRGHODDFWLYDFLyQGHORVIDFWRUHV
GHWUDQVFULSFLyQ&5(%\$7)(VWRVXJLHUH
TXHHO$03FDIHFWDGH IRUPDGLUHFWD ODKDELOL-
GDG IXQFLRQDO GH ODV FpOXODV 7 SHUR LQGLUHFWD-
PHQWHWDPELpQFRPSURPHWHODKDELOLGDGGHODV
$3&SDUD HVWLPXODU FpOXODV 7FRQ \PRGLÀFDU HO
PLFURDPELHQWHGHFLWRFLQDVSDUDLQKLELUODGLIH-
UHQFLDFLyQGHFpOXODV7K
/DDFWLYDFLyQGHODHQ]LPDDGHQLOFLFODVDLQGXFLGD
SRUODVSURVWDJODQGLQDVVHSURGXFHSULQFLSDOPHQ-
WHD WUDYpVGHUHFHSWRUHVDFRSODGRVDSURWHtQDV
*įs DQFODGDV D ODPHPEUDQD FHOXODU0HGLDQWH
HVWHPHFDQLVPR OD SURVWDJODQGLQD , 3*, HQ
FpOXODVGHQGUtWLFDVGHULYDGDVGHPRQRFLWRVLQFUH-
PHQWDORVQLYHOHVGH$03F\UHJXODQHJDWLYDPHQ-
WH ODDFWLYLGDGGHO1)N%GLVPLQX\HQGR ODSUR-
GXFFLyQGH FLWRFLQDVSURLQÁDPDWRULDV FRPR ,/
71)į,/įH,/HLQFUHPHQWDQGRODSUR-
GXFFLyQGH,//DSURVWDJODQGLQD(3*(
LQKLEHODSURGXFFLyQGHLQWHUIHUyQDOID,)1įHQ
FpOXODVGHQGUtWLFDVSODVPDFLWRLGHV&'S\ODSUR-
GXFFLyQGH,/HQFpOXODVGHQGUtWLFDVPLHORLGHV
&'PHQUHVSXHVWDDHVWtPXORVYLUDOHV\DOLSR-
SROLVDFiULGRVUHVSHFWLYDPHQWH/DSURVWDJODQ-
GLQD(VXSULPHODSUROLIHUDFLyQFHOXODUH LQKLEH
ODSURGXFFLyQGH,/HLQWHUIHUyQJDPPD,)1ǅ
HQFpOXODV7GHUDWyQRKXPDQDV
/D JUDQPD\RUtD GH ODV DOWHUDFLRQHV HQ OD UHV-
SXHVWD LQPXQLWDULD VRQ PHGLDGDV SRU OD YtD
$03F3.$ 6LQ HPEDUJR WDPELpQ VH KDQ RE-
VHUYDGR DOWHUDFLRQHV PHGLDQWH XQ PHFDQLVPR
LQGHSHQGLHQWH GH OD SURWHtQD FLQDVD $ HO FXDO
LQYROXFUDODYtD(3$&5$3SDUDODVXSUHVLyQGH
OD UHVSXHVWD LQPXQLWDULD (VWD~OWLPDYtD UHJXOD
QHJDWLYDPHQWH OD H[SUHVLyQ GH DOJXQRV JHQHV
DVRFLDGRVFRQHOFLFORFHOXODUOLPLWDQGRODSUROL-
IHUDFLyQGHFpOXODV7HLJXDOPHQWHGLVPLQX\HQ-
GRODSURGXFFLyQGHFLWRFLQDVFRPR,/H,/
'HKHFKRODH[SUHVLyQGHODIRUPDDFWLYD
GH5$3VHKDREVHUYDGRHQFpOXODV7DQpUJLFDV
\VHFRQVLGHUDFRPRXQUHJXODGRUQHJDWLYRGH
ODWUDQVFULSFLyQJpQLFDLQGXFLGDSRUHOUHFHSWRU
GHFpOXODV7\OD,/(QFpOXODVGHQGUtWLFDVOD
VHxDOL]DFLyQGH(3$&DOSDUHFHUQRWLHQHQLQJ~Q
HIHFWRHQODPDGXUDFLyQ\IXQFLyQ
Alteraciones en la respuesta inmunitaria 
inducida por células Treg CD4+ mediante la 
modificación del AMPc intracelular
/DVFpOXODV7UHJ&'PHGLDQODVXSUHVLyQGHRWUDV
FpOXODVGHOVLVWHPDLQPXQLWDULRSRUHODXPHQWRGH
$03FPHGLDQWHGRVPHFDQLVPRVGLIHUHQWHV
 /D&' \ OD&' VRQPROpFXODVSHUWHQH-
FLHQWHV D XQD IDPLOLD GH HQ]LPDV OODPDGDV
HFWRQXFOHRWLGDVDV &' \ &' VH H[SUH-
VDQFRQVWLWXWLYDPHQWHHQHODGHODV
FpOXODV7UHJ&'\XQDHQXQDPHQRUSUR-
SRUFLyQ  D  HQ FpOXODV 7FRQ  /DV
FpOXODV7UHJ&'&'\&'DXPHQWDQ
ODDGHQRVLQDHQHOPLFURDPELHQWHODFXDOHV
UHFRQRFLGDSRUHOUHFHSWRUGHDGHQRVLQDHQ
ODPHPEUDQDFHOXODULQFUHPHQWDQGRHO$03F
LQWUDFHOXODUHQ ODV7FRQ ÀJXUD  (O$73
H[WUDFHOXODUHVXQIDFWRUSURLQÁDPDWRULRJH-
QHUDGRHQFRQGLFLRQHVGHHVWUpV\GXUDQWHHO
GDxRFHOXODUGHKHFKRVHFRQVLGHUDXQLQGL-
FDGRU GH GHVWUXFFLyQ FHOXODU 3DUD FRQWURODU
ORV QLYHOHV H[FHVLYRV GH $73 OD &' HQ OD
VXSHUÀFLHGH ODVFpOXODV7UHJ&'KLGUROL]D
HO$73D$03\DFW~DHQFRQMXQWRFRQRWUD
HFWRHQ]LPDOD&'WDPELpQH[SUHVDGRHQ
ODV7UHJ&'JHQHUDQGRDGHQRVLQDDSDUWLU
GHO $03 ÀJXUD &  /D DGHQRVLQD SH-
ULFHOXODU VH XQH DO UHFHSWRU GH DGHQRVLQD 
VREUH ODVFpOXODV7FRQDFWLYDGDV\HVWD LQWH-
UDFFLyQDGHQRVLQDUHFHSWRUGHDGHQRVLQD
LQGXFHODDFWLYDFLyQGHODSURWHtQD*TXHVH
HQFXHQWUDDFRSODGDDODSRUFLyQLQWUDFHOXODU
GHOUHFHSWRU ORTXHÀQDOPHQWHSURPXHYHOD
DFWLYDFLyQGH ODDGHQLOFLFODVD\HO LQFUHPHQ-
WRGH$03FLQWUDFHOXODUÀJXUD&&RPR
PHFDQLVPR DQWDJyQLFR GH HVWH SURFHVR VH
HQFXHQWUDODDFFLyQGHODHQ]LPDGHVDPLQD-
VDGHDGHQRVLQD$'$TXHGHJUDGDODDGH-
QRVLQDD LQRVLQD(VWDHQ]LPDVHDVRFLDD OD
SRUFLyQ H[WUDFHOXODU GH OD PROpFXOD &'
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TXHWLHQHIXQFLyQGHGLSHSWLGLOSHSWLGDVD,9
\DPEDVPROpFXODVSDUWLFLSDQHQHOFDWDEROLV-
PRGHODDGHQRVLQDSHULFHOXODU /DPROp-
FXOD&'SURPXHYHODDFWLYDFLyQGHFpOXODV
7RELHQODLQWHUDFFLyQHQWUHpVWDV\ODVFpOX-
ODVSUHVHQWDGRUDV /DJHQHUDFLyQGH LQR-
VLQDSRUSDUWHGH$'$&'HV UHFRQRFLGD
SRVWHULRUPHQWHSRUHOUHFHSWRUGHDGHQRVLQD
$HOFXDOQRLQGXFHDXPHQWRGHO$03FLQ-
WUDFHOXODU\DFWLYDFLyQGHODSURWHtQDFLQDVD$
QLWLHQHHIHFWRVSRVWHULRUHVDODWUDQVFULSFLyQ
TXH LQYROXFUHQ OD YtD GH ODV 0$3. FLQDVDV
R GHO1)Ǌ%  (VWD LQRVLQDGLVPLQX\H OD
SURGXFFLyQGHFLWRFLQDVSURLQÁDPDWRULDVSRU
SDUWHGHPRQRFLWRV\PDFUyIDJRVHLQ-
FUHPHQWDODGHJUDQXODFLyQGHPDVWRFLWRV
 
 /D&'IXHLQLFLDOPHQWHGHVFULWDFRPRXQD
PROpFXOD H[SUHVDGD VyOR GXUDQWH OD DFWLYD-
FLyQVLQHPEDUJRDFWXDOPHQWHVHFRQVLGHUD
FRPRXQDPROpFXODUHJXODGRUDFX\DH[SUH-
VLyQHV UHJXODGDSRU HO )R[S  DVt FRPR
SRU OD VHxDOL]DFLyQ PHGLDGD SRU HO $03F
3.$TXH LQGXFH OD IRVIRULODFLyQGH&5(%\
$7)ORFXDOVXJLHUHTXHHQWUHHO$03F\
OD&'VHSRGUtDJHQHUDUXQDUHWURDOLPHQ-
WDFLyQUHFtSURFDSDUDVXH[SUHVLyQFRQVWDQ-
WH (O HMH &'&' HV HPSOHDGR SRU ODV
FpOXODV7UHJ&'FRPRPHFDQLVPRGHVXSUH-
VLyQSDUDFRQWURODUODUHVSXHVWDLQÁDPDWRULD
\ODUHVSXHVWDHIHFWRUDGHFpOXODV7(VWDV
FpOXODVEORTXHDQODSUROLIHUDFLyQGHFpOXODV7
ODSURGXFFLyQGH ,)1ǅ \ ODPDGXUDFLyQGH
FpOXODV GHQGUtWLFDV SRU HO LQFUHPHQWR GH OD
DGHQRVLQDHQHOHVSDFLRH[WUDFHOXODU(Q
ODVFpOXODV7FRQODDGHQRVLQDRFRPSXHVWRV
DJRQLVWDVGHOUHFHSWRUGHDGHQRVLQDGLVPL-
QX\HQ ODSURGXFFLyQGH ODV FLWRFLQDVSURLQ-
ÁDPDWRULDV ,)1ǅ\71)įGHFpOXODV7 \ OD
FLWRWR[LFLGDGGHFpOXODV7&' 
Figura 2. 0HFDQLVPRGHPRGLÀFDFLyQGHORVQLYHOHVGH$03FLQWUDFHOXODUPHGLDGRSRUFpOXODV7UHJ&'(O$03FUHJXOD
ORVQLYHOHVGHUHSOLFDFLyQGHO9,+\ODUHVSXHVWDLQPXQLWDULDDQWLYLUDOHQFpOXODVGHQGUtWLFDV\FpOXODV7$(QDXVHQFLD
GH$03FHOYLUXVVHUHSOLFDIiFLOPHQWHHQFpOXODV7FRQLQIHFWDGDV\%ODUHVSXHVWDLQPXQLWDULDDQWLYLUDOHVHIHFWLYDFRPR
UHVXOWDGR GH XQD DGHFXDGD SUHVHQWDFLyQ DQWLJpQLFD SURGXFFLyQ GH FLWRFLQDV GHJUDQXODFLyQ \ SUROLIHUDFLyQ FHOXODU
6LQHPEDUJRHQSUHVHQFLDGHFpOXODV7UHJ&'HVWRVSURFHVRVSXHGHQVHUDOWHUDGRVSRUPRGLÀFDFLyQGHORVQLYHOHV
GH$03F& ODVFpOXODV7UHJ&'SXHGHQGLVPLQXLU ODUHSOLFDFLyQGHO9,+\' ODUHVSXHVWD LQPXQLWDULDDQWLYLUDO/D
LQ\HFFLyQGHO$03F D WUDYpV GH ODV XQLRQHV FRPXQLFDQWHV HQ FpOXODV 7FRQ DG\DFHQWHV \R D WUDYpV GH OD H[SUHVLyQ
GHOHMH&'&'OD&'GHJUDGDHO$73HQ$03PLHQWUDVTXHOD&'GHJUDGDHO$03\JHQHUDDGHQRVLQD
/D DGHQRVLQD FXDQGR LQWHUDFW~D FRQ VX UHFHSWRU $$U HQ OD VXSHUÀFLHGH ODPHPEUDQDGH FpOXODV 7FRQR FpOXODV
GHQGUtWLFDVDFWLYDODSURGXFFLyQGHO$03FLQWUDFHOXODU'(OLQFUHPHQWRHQORVQLYHOHVGH$03FGLVPLQX\HODSURGXFFLyQ
GH ,/ \ ODSUROLIHUDFLyQGH FpOXODV 7 HQ FpOXODVGHQGUtWLFDVGLVPLQX\H OD H[SUHVLyQGHPROpFXODV FRHVWLPXODGRUDV
&'&'ODVHFUHFLyQGH,/H,/HLQFUHPHQWDODH[SUHVLyQVHFUHFLyQGHODVPROpFXODV%+H,/
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 (VSUREDEOHTXHHOGHVDUUROORGHXQDUHVSXHV-
WDUHJXODGRUDRLQÁDPDWRULDVHDGHWHUPLQDGD
SRUODSUHVHQFLDGHODDGHQRVLQD\DTXHORV
QLYHOHVGHHVWDPROpFXODVRQFRQWURODGRVSRU
HO HTXLOLEULR JHQHUDGR SRU ODV FpOXODV 7UHJ
&'\ODV7FRQHQHOFXDOODVSULPHUDVVHHQ-
FDUJDQGHDXPHQWDUORVQLYHOHVGHDGHQRVLQD
FRQODH[SUHVLyQGHO&'+L&'+L$'$/RZ&'-
/RZPLHQWUDVTXHODVVHJXQGDVVHHQFDUJDQ
GHVXGHJUDGDFLyQFRQODH[SUHVLyQGHO&'-
/RZ&'/RZ$'$+L&'+LÀJXUD
 /DVFpOXODV7UHJ&'LQWURGXFHQHO$03FHQ
OD FpOXODV EODQFRPHGLDQWH FRPXQLFDFLRQHV
LQWHUFHOXODUHV OODPDGDV XQLRQHV FRPXQLFDQ-
WHV JDS MXQFWLRQV ÀJXUD &  /DV XQLR-
QHVFRPXQLFDQWHVVRQFDQDOHV LQWHUFHOXODUHV
TXHSHUPLWHQ ODFRPXQLFDFLyQHQWUHFpOXODV
DG\DFHQWHV (VWiQ IRUPDGDV SRU GRV KHPL-
FDQDOHV RSXHVWRV GH FDGD FpOXOD OODPDGRV
FRQH[RQHV\FRQVWLWXLGDVSRUVHLVSURWHtQDV
OODPDGDVFRQH[LQDV&DGDFRQH[LQDWLHQHXQ
WDPDxRDSUR[LPDGRTXHYDUtDHQWUH\
N'D (VWiQ IRUPDGDV SRU FXDWUR GRPLQLRV
WUDQVPHPEUDQD FRQ XQD UHJLyQ1 \ XQD&
WHUPLQDO FLWRSOiVPLFD HVWDV FXDWUR UHJLRQHV
HVWiQFRQHFWDGDVHQWUHVVtSRUGRVDVDVH[-
WUDFHOXODUHV \XQD LQWUDFHOXODU  (Q FpOXODV
GHPDPtIHUR ODVXQLRQHVFRPXQLFDQWHVVRQ
XWLOL]DGDVSDUDHOSDVRELGLUHFFLRQDOGHLRQHV
PHWDEROLWRV\RWUDVPROpFXODVPHQRUHVGH
N'D/DVFpOXODV7UHJ&'\ODV7FRQHQ
FRQGLFLRQHVEDVDOHV H[KLEHQXQDEDMDGHQ-
VLGDGGHH[SUHVLyQGH ODVFRQH[LQDV&[
&[&[&[\&[ODVFXDOHVVHLQFUH-
PHQWDQFRQODDFWLYDFLyQFHOXODU
&RPRVHFRPHQWyDQWHULRUPHQWHODV7FRQWLHQHQ
EDMRVQLYHOHVGH$03FLQWUDFHOXODUHOFXDOVHLQFUH-
PHQWDFXDQGRVRQFRFXOWLYDGDVFRQFpOXODV7UHJ
&' GLVPLQX\HQGR DVt OD H[SUHVLyQ GH ,/ HQ
ODV7FRQ(QHQVD\RVFRQFDOFHtQDXQFRORUDQWH
TXHHVWUDQVIHULGRDWUDYpVGHODVXQLRQHVFRPX-
QLFDQWHV\HQHQVD\RVGHEORTXHRFRQHOSpSWLGR
VLQWpWLFR*$3HOFXDOLQKLEHOD&[\DIHFWDOD
IRUPDFLyQ\ODHVWDELOLGDGGHODVXQLRQHVFRPXQL-
cantes VHGHPRVWUyTXHODVFpOXODV7UHJ&' 
VXSULPHQDODV7FRQPHGLDQWHODWUDQVIHUHQFLDGH
PROpFXODV D WUDYpV GH GLFKDV XQLRQHV  H[SHUL-
PHQWRVSRVWHULRUHVSHUPLWLHURQGHPRVWUDUODSDU-
WLFLSDFLyQGHO$03FFRPRODPROpFXODLQYROXFUDGD
HQHVWHPHFDQLVPRGHVXSUHVLyQ
(O LQFUHPHQWR GH $03F PHGLDGR SRU FpOXODV
7UHJ&'PHGLDQWH ODV XQLRQHV FRPXQLFDQWHV
QRVyORRFXUUHKDFLDODV7FRQFRPRLQLFLDOPHQWH
IXHUHSRUWDGRSRU%RSSet alVLQRTXH
WDPELpQVHKDGHVFULWRHQRWUDVVXESREODFLRQHV
FHOXODUHVTXHVRQEODQFRGHODVXSUHVLyQWDQWR
in vivo como in vitro 5HFLHQWHPHQWH WDPELpQ
VHUHSRUWyTXHODVFpOXODV7UHJ&'DIHFWDQOD
KDELOLGDGGHODVFpOXODVGHQGUtWLFDVSDUDSUHVHQ-
WDUDQWtJHQRVGHELGRDTXHHO$03FWUDQVIHULGR
GHVGH ODV SULPHUDV GLVPLQX\H OD H[SUHVLyQ GH
ODV PROpFXODV FRHVWLPXODGRUDV &' \ &'
\ ODVHFUHFLyQGH ,/\GH ,/PLHQWUDVTXH
DXPHQWDODH[SUHVLyQGHPROpFXODV LQKLELGRUDV
FRPR%+\ODSURGXFFLyQGH,/
Papel dual del AMPc en la respuesta 
inmunitaria y la replicación viral durante la 
infección con VIH
/DPD\RUtDGHGDWRVVXJLHUHQTXHHO$03FWLH-
QHXQHIHFWRQHJDWLYRHQHOGHVDUUROORGHODUHV-
SXHVWDLQPXQLWDULDDOLQKLELUODWUDQVFULSFLyQGH
JHQHVDVRFLDGRV FRQHOGHVDUUROORGHHVWD UHV-
SXHVWD 6LQ HPEDUJR GXUDQWH OD LQIHFFLyQ SRU
HO9,+ VHKDREVHUYDGRXQSDSHOGXDOGH HVWD
PROpFXOD\DTXHQRVyORVXSULPH OD UHVSXHVWD
LQPXQLWDULDDQWLYLUDOVLQRTXHWDPELpQHVWiDVR-
FLDGRDXQHIHFWRSURWHFWRUDOLQKLELUODUHSOLFD-
FLyQYLUDOÀJXUD
Alteraciones en la respuesta inmunitaria 
asociadas al incremento de AMPc 
intracelular durante la infección con el VIH. 
(O WUDWDPLHQWR GH FpOXODV 7 &' GH SDFLHQWHV
SRVLWLYRVSDUD9,+FRQDJRQLVWDVGHO$03F LQ-
GXFHODUHJXODFLyQSRVLWLYDGHJHQHV\ODQHJD-
WLYDGHJHQHVORFXDOPRGLÀFDODH[SUHVLyQ
GHYDULDVLQWHJULQDVTXLPLRFLQDV\UHFHSWRUHVGH
 $62&,$&,Ï1&2/20%,$1$'(,1)(&72/2*Ë$ ,QIHFWLR
Rueda CM, Velilla PA, Rojas M, et al
TXLPLRFLQDV(QGLYHUVRVHQVD\RVex vivoVHKD
GHPRVWUDGRTXHODVFpOXODV7GHSDFLHQWHVSRVL-
WLYRVSDUD9,+H[KLEHQFRQFHQWUDFLRQHVGH$03F
GRVYHFHVPD\RUHVTXHODVGHLQGLYLGXRVQHJD-
WLYRVSDUD9,+DVtFRPRXQDDFWLYLGDGPD\RUGH
ODSURWHtQDFLQDVD$ ORTXHVHFRUUHODFLRQD LQ-
YHUVDPHQWHFRQODFDSDFLGDGGHSUROLIHUDFLyQHQ
UHVSXHVWDDDQWtJHQRVGHCandida albicans \HQ
UHVSXHVWDDODDFWLYDFLyQLQGXFLGDFRQDQWL&'
'XUDQWHODLQIHFFLyQSRUHO9,+VHGHPRVWUy
TXHODVFpOXODVSURYHQLHQWHVGHSDFLHQWHVSRVLWL-
YRVSDUD9,+VLQWUDWDPLHQWRDQWLUUHWURYLUDOH[-
KLEHQXQLQFUHPHQWRHQODDFWLYLGDG$73DVDIH-
QyPHQRTXHVHDVRFLyFRQXQPD\RUSRUFHQWDMH
GHFpOXODV7&'WRWDOHVHQFRPSDUDFLyQFRQ
FRQWUROHV VDQRV  5HFLHQWHPHQWH VH UHSRUWy
XQDFRUUHODFLyQSRVLWLYDHQWUHODH[SUHVLyQGHOD
&'HQFpOXODV7UHJ&'FRQ ODFDUJDYLUDO\
ODSURJUHVLyQGHODHQIHUPHGDG(QRWURVPR-
GHORVHQTXHVHHPSOHDURQSULPDWHVLQIHFWDGRV
FRQHOYLUXVGHLQPXQRGHÀFLHQFLDVLPLDQDVHGH-
PRVWUyTXHODVFpOXODV7&')R[S&' tie-
QHQXQDPD\RUH[SUHVLyQGH&7/$\&'HQ
ORVVLWLRVGHPD\RUUHSOLFDFLyQYLUDOFRPRODPX-
FRVDJDVWURLQWHVWLQDO\ORVyUJDQRVOLQIRLGHVHVWH
IHQRWLSRFHOXODUVHDVRFLyFRQXQDGLVPLQXFLyQ
HQHOFRQWUROYLUDO\FRQODVXSUHVLyQGHFpOXODV7
HVSHFtÀFDVGHDQWtJHQRVYLUDOHV
Mecanismos de incremento de AMPc intracelu-
lar inducido por el virus o las proteínas virales. 
(OLQFUHPHQWRGHO$03FLQGXFHDQHUJLDGHFpOX-
ODV7PHGLDQWHODXQLyQGHODJOXFRSURWHtQD
JSFRQODPROpFXOD&;&5ORFXDOLQGXFHHO
LQFUHPHQWR\ODDFWLYDFLyQGHODYtDGHVHxDOL]D-
FLyQ$03F3.$(VWHPHFDQLVPRLQYROXFUD
ODIRVIRULODFLyQGH&5(%SRUODSURWHtQDFLQDVD$
ORFXDOUHVXOWDHQODUHGXFFLyQGHODSUROLIHUDFLyQ
GHFpOXODV7HQUHVSXHVWDDHVWtPXORVSROLFORQD-
OHV/DLQKLELFLyQHQODJHQHUDFLyQGH$03F
LQWUDFHOXODUSRUFRPSXHVWRVTXtPLFRVFRPRHO
DQiORJR GH DGHQRVLQD ··GLGHR[LDGHQRVLQD
GG$'$TXH LQKLEH OD DGHQLOFLFODVD UHVWDXUD OD
FDSDFLGDG FLWRWy[LFD \ GH SUROLIHUDFLyQ GH ODV
FpOXODV7/DLQWHUDFFLyQGHODJOXFRSURWHtQD
FRQODPROpFXOD&'HQFpOXODV7UHJ&'
WDPELpQLQFUHPHQWDORVQLYHOHVGH$03FORTXH
VHFRUUHODFLRQDFRQXQDXPHQWRHQODH[SUHVLyQ
GH OD PROpFXOD &7/$  ,QIRUWXQDGDPHQWH
D~QVHGHVFRQRFHVL ODVDOWHUDFLRQHVHQ ORVQL-
YHOHVGH$03FHQSDFLHQWHVSRVLWLYRVSDUD9,+
HVWiQDVRFLDGDVDODDFXPXODFLyQGHFpOXODV7UHJ
&'GXUDQWHODLQIHFFLyQFUyQLFDORFXDOSRGUtD
DIHFWDUHOGHVDUUROORGHXQDDGHFXDGDUHVSXHVWD
LQPXQLWDULDDQWLYLUDO
(QSDFLHQWHVSRVLWLYRVSDUD9,+ODDFWLYLGDGGH
ODHQ]LPDGHVDPLQDVDGHDGHQRVLQDHQFDUJDGD
GHPDQWHQHUQLYHOHVEDMRVGHDGHQRVLQDSXHGH
LQFUHPHQWDU ODSUROLIHUDFLyQ\ ODSURGXFFLyQGH
,)1ǅHQFpOXODV7GHKHFKRKD\XQDFRUUHODFLyQ
SRVLWLYDHQWUH ODGHVDPLQDVDGHDGHQRVLQD\HO
FRQWHRGHFpOXODV7&'\XQDFRUUHODFLyQQH-
JDWLYDFRQODFDUJDYLUDO6LQHPEDUJRHVLP-
SRUWDQWHDFODUDUTXHGXUDQWHODLQIHFFLyQSRUHO
9,+HOFRPSOHMR&'$'$GHVDPLQDVDGHDGH-
QRVLQDHVDOWHUDGRSRUSURWHtQDVYLUDOHVHOFXDO
HVPHGLDGRSRUODLQWHUDFFLyQGHO&'R&;&5
FRQODJOXSRSURWHtQD\SRUODSURWHtQD
YLUDO7DWSURGXFLGDLQWUDFHOXODUPHQWHHQFpOXODV
LQIHFWDGDVTXHLQKLEHQODXQLyQGHODGHVDPLQD-
VDGHDGHQRVLQDFRQHO&'
Efecto del incremento de AMPc intracelular 
en la replicación del VIH y su relación con las 
células Treg CD4+
(QFXOWLYRVSULPDULRV\HQOtQHDVGHFpOXODV7KX-
PDQDVLQIHFWDGDVFRQHO9,+HO$03FHVXQDPR-
OpFXODLQYROXFUDGDHQODVXSUHVLyQGHODDFWLYLGDG
GHWUDQVFULSFLyQGHOSURPRWRUYLUDO/75UHSHWLFLR-
QHVWHUPLQDOHVODUJDVDOLQKLELU1)N%UHGXFLHQGR
GHHVWDPDQHUD ODUHSOLFDFLyQYLUDO $GHPiVHO
$03FGLVPLQX\HODLPSRUWDFLyQGHO$'1YLUDOGHO
FLWRSODVPDDOQ~FOHRHQFpOXODV7YtUJHQHVODUHSOL-
FDFLyQ\WUDQVORFDFLyQGH$'1YLUDODOQ~FOHRVRQ
VLJQLÀFDWLYDPHQWHPHQRUHV HQ FRPSDUDFLyQ FRQ
ODVGH ODVFpOXODV7GHPHPRULD ORFXDOHVGHEL-
GRD ODEDMDH[SUHVLyQGH IRVIRGLHVWHUDVDTXH
SURPXHYHXQDPD\RUDFXPXODFLyQGH$03FLQWUD-
,QIHFWLR
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FHOXODUHQODVFpOXODVYtUJHQHV(VWRVXJLHUHTXH
OD YtD$03F3.$SXHGHPRGXODU ORV HVWDGRVGH
SUHYLRV\SRVWHULRUHVDODLQWHJUDFLyQYLUDO,QIRU-
WXQDGDPHQWHHOHIHFWRGH ODDFWLYDFLyQGH ODYtD
$03F(3$&VREUHODUHSOLFDFLyQGHO9,+QRVHFR-
QRFHKDVWDHOPRPHQWR
/RV FRPSXHVWRV VLQWpWLFRV TXH LQFUHPHQWDQ HO
$03FPHGLDQWH OD DFWLYDFLyQGH OD DGHQLOFLFOD-
VDFRPRODIRUVNROLQD)VNRHOEORTXHRFRQHO
LQKLELGRU VHOHFWLYR GH OD IRVIRGLHVWHUDVD  FRQ
UROLSUDP UHGXFHQ ORVQLYHOHVGH ODSURWHtQDYL-
UDOS\ OD WUDQVFULSFLyQGHOSURYLUXVHQFXOWL-
YRVGHFpOXODV7DFWLYDGDV/DDFWLYDFLyQGH
ODHQ]LPDDGHQLOFLFODVDSRUODSURVWDJODQGLQD(
LQFUHPHQWDHO$03FLQWUDFHOXODU\FRQWURODOD
UHSOLFDFLyQGHO9,+DOGLVPLQXLU ODDFWLYLGDGGH
ODVUHSHWLFLRQHVWHUPLQDOHV ODUJDV ORFXDOVHKD
REVHUYDGRWDQWRHQPDFUyIDJRVSULPDULRVFRPR
HQ OtQHDV FHOXODUHV FUyQLFDPHQWH LQIHFWDGDV 
(O $03F WDPELpQ SRGUtD SUHYHQLU OD LQIHFFLyQ
SRUHOYLUXVHQPRQRFLWRV\PDFUyIDJRVDOPH-
QRVGHFHSDV5\DTXHHOHVWtPXORGHOUHFHSWRU
GHODSURVWDJODQGLQD(GLVPLQX\HODH[SUHVLyQ
GHO&&5HOFXDOHVLQGLVSHQVDEOHSDUDODHQWUD-
GDHÀFLHQWHGHOYLUXVDVXFpOXODEODQFR
'XUDQWHODLQIHFFLyQSRUHO9,+VHKDUHSRUWDGR
XQHIHFWREHQpÀFRGHODYtDDGHQRVLQD$03FHO
WUDWDPLHQWRFRQ$73LQGXFHODGHJUDGDFLyQOLVR-
VyPLFDGHOYLUXVHQFpOXODVGHQGUtWLFDVLQPDGX-
UDV&'L\WDPELpQEORTXHDHOWUiÀFRGHYLULRQHV
GHVGHHVWDV~OWLPDVDODVFpOXODV7&' 7DP-
ELpQDWUDYpVGHODHVWLPXODFLyQGHOUHFHSWRUGH
DGHQRVLQDFRQDQWLFXHUSRVPRQRFORQDOHV VH
SXHGHFRQWURODU ODHQWUDGDGHOYLUXVD ODFpOXOD
EODQFRSRUODGLVPLQXFLyQHQODH[SUHVLyQGHORV
FRUUHFHSWRUHV&;&5\&&5HQFpOXODV7&' 
(QFpOXODV7&'YtUJHQHVVHKDREVHUYDGR
TXHHOWUDWDPLHQWRFRQHOIDFWRUGHULYDGRGHFp-
OXODVGHOHVWURPDDFWLYDODYtD$03F3.$&5(%
\ DOWHUD OD FDSDFLGDG GH SUROLIHUDFLyQ GH HVWDV
FpOXODVSHURDOPLVPRWLHPSRGLVPLQX\HODH[-
SUHVLyQGHOFRUUHFHSWRUYLUDO&;&5
'HELGRDTXHHO$03FUHGXFHODUHSOLFDFLyQYLUDO
\ D TXH ODV FpOXODV 7UHJ&'SXHGHQ LQ\HFWDU
HVWDPROpFXODD WUDYpVGH ODVXQLRQHVFRPXQL-
FDQWHVHQODFpOXODEODQFRRPRGLÀFDUORVQLYH-
OHV GH DGHQRVLQD HQ HOPLFURDPELHQWH UHFLHQ-
WHPHQWH H[SORUDPRV HO SDSHO GH HVWD VXESR-
EODFLyQFHOXODUGXUDQWH OD LQIHFFLyQSRUHO9,+
(QHQVD\RV in vitroGHXQPRGHORGH LQIHFFLyQ
DJXGDODVFpOXODV7UHJ&'UHGXMHURQHQXQ
 HO SRUFHQWDMH GH ODV FpOXODV 7FRQ LQIHFWDGDV
FRQHO9,+\WDPELpQORVQLYHOHVGHSHQORV
VREUHQDGDQWHGHFRFXOWLYRVGHFpOXODV7UHJ&' 
\7FRQ/RVHQVD\RVFRQFDOFHtQDSDUDHYDOXDU
ODLQWHUDFFLyQHQWUHFpOXODV7UHJ\7FRQMXQWRFRQ
ODGHVHSDUDFLyQGHODVGRVVXESREODFLRQHVFRQ
PHPEUDQDVSHUPHDEOHV WUDQVZHOO \HOEORTXHR
GH OD IRUPDFLyQ GH ODV XQLRQHV FRPXQLFDQWHV
FRQ HO LQKLELGRU*$3 VXJLULHURQTXH HOPH-
FDQLVPRGHVXSUHVLyQGHSHQGHGHOFRQWDFWRHQ-
WUH ODV FpOXODV  3RVWHULRUPHQWH OD LQKLELFLyQ
GHODVHQ]LPDVDGHQLOFLFODVD\HFWRQXFOHRWLGDVD
&'FRQGG$'$\DQWL&'UHVSHFWLYDPHQWH
FRUURERUyHOSDSHOFUXFLDOTXHWLHQHQORVQLYHOHV
DOWRVGH$03F\ODJHQHUDFLyQGHDGHQRVLQDHQ
OD VXSUHVLyQ GH OD UHSOLFDFLyQ GHO 9,+ HMHUFLGD
SRUODVFpOXODV7UHJ
3DUDGLOXFLGDUORVPHFDQLVPRVLPSOLFDGRVHQOD
VXSUHVLyQPHGLDGDSRU$03FHQODUHSOLFDFLyQGHO
9,+\ODFRQWULEXFLyQGHODSURWHtQDFLQDVD$FRPR 
HIHFWRUFRUULHQWHDEDMRGHODDFWLYLGDGGH$03F
VHOOHYDURQDFDERHQVD\RVFRQXQLQKLELGRUGH
ODSURWHtQDFLQDVD$FRQHO+GLFORUKLGUDWRHO
FXDOFRPSLWHFRQHO$73SRUODXQLyQDOEROVLOOR
GH ODVXEXQLGDGFDWDOtWLFDGH ODFLQDVD\FRQHO
pVWHUDFHWR[LPHWLOGH1EHQ]RLO$03F%Q]
F$03$0DQiORJRGHO$03F\DFWLYDGRUHVSH-
FtÀFRGHODSURWHtQDFLQDVD$/RVUHVXOWDGRVVX-
JLULHURQTXHODVFpOXODV7UHJPHGLDQODDFWLYDFLyQ
GHODSURWHtQDFLQDVD$PHGLDQWHHO$03FSDUD
FRQWURODUODUHSOLFDFLyQYLUDO
)LQDOPHQWH WRGD HVWD FDVFDGD GH VHxDOL]DFLyQ
GLVPLQX\HODSUROLIHUDFLyQ\HOFLFORFHOXODU.L
FLFOLQD % HQ ODV FpOXODV 7FRQ OR TXH VH UHÁHMD
 $62&,$&,Ï1&2/20%,$1$'(,1)(&72/2*Ë$ ,QIHFWLR
Rueda CM, Velilla PA, Rojas M, et al
HQODGLVPLQXFLyQHQHOQ~PHURGHFpOXODVLQIHF-
WDGDV (Q UHVXPHQ WRGRV HVWRV KDOOD]JRV LQGL-
FDQTXHODVFpOXODV7UHJSRGUtDQWHQHUXQSDSHO
EHQpÀFR in vivo GXUDQWH OD IDVHDJXGDGHHVWD
LQIHFFLyQ SDUWLFXODUPHQWH HQ ORV yUJDQRV GH
PD\RU DFWLYDFLyQ LQPXQLWDULD 6LQ HPEDUJR HV
QHFHVDULR FRQÀUPDU HVWR HQ RWURVPRGHORV HQ
SDFLHQWHV SRVLWLYRV SDUD 9,+ R SULPDWHV LQIHF-
WDGRVSRUHO9,6,JXDOPHQWHVHGHEHHYDOXDUHO
SDSHOSRVLWLYRRQHJDWLYRGHO$03F\VXDVRFLD-
FLyQFRQODV7UHJ&'GXUDQWHODVGLVWLQWDVIDVHV
GHLQIHFFLyQSRUHO9,+
Conclusiones
(OLQFUHPHQWRGHO$03FPRGXODODDFWLYDFLyQGH
FpOXODV7\ODWUDQVFULSFLyQGHJHQHVLQYROXFUDGRV
HQODSUROLIHUDFLyQFHOXODUFLWRFLQDVTXLPLRFLQDV
\ GLIHUHQWHV UHFHSWRUHV GH VXSHUÀFLH D WUDYpV
GH YDULDV YtDV GH VHxDOL]DFLyQ LQWUDFHOXODU (VWD
PROpFXODHVXWLOL]DGDSRU ODVFpOXODV7UHJ&' 
GHQWURGHVXDUVHQDOGHPHFDQLVPRVSDUDVXSUL-
PLUODUHVSXHVWDLQPXQLWDULD(OSDSHOGHO$03F
GXUDQWHODLQIHFFLyQSRUHO9,+KDVLGRPRWLYRGH
YDULDVLQYHVWLJDFLRQHVFRQGLIHUHQWHVUHVXOWDGRV
FRQWUDGLFWRULRV 6LQ HPEDUJR GH DFXHUGR FRQ
ORV KDOOD]JRV SUHVHQWDGRV KDVWD HO PRPHQWR
QRVRWURVSURSRQHPRVTXHHO$03FSRGUtDWHQHU
XQSDSHOGXDOGXUDQWHODHYROXFLyQGHODLQIHF-
FLyQSRUHO9,+6XSDSHOEHQpÀFRVHFHQWUDUtD
SULQFLSDOPHQWHHQHOFRQWUROGHODUHSOLFDFLyQYL-
UDOEORTXHDQGRODDFWLYLGDGGHODVUHSHWLFLRQHV
WHUPLQDOHV ODUJDV\ IDFWRUHVGH WUDQVFULSFLyQR
HYLWDQGR OD LQIHFFLyQGHQXHYDVFpOXODVEODQFR
SRUGLVPLQXFLyQHQODH[SUHVLyQGHORVFRUUHFHS-
WRUHVYLUDOHVFRPR&&5\&;&5
8QRGHORVPHFDQLVPRVTXHSRGUtDH[SOLFDUHVWH
IHQyPHQRHVHO LQFUHPHQWRGH$03FPHGLDGR
SRUFpOXODV7UHJ&'\DVHDHPSOHDQGRODLQ-
\HFFLyQGHHVWDPROpFXODHQFpOXODVEODQFRRD
WUDYpVGHOHMH&'&'SDUDJHQHUDUDGHQR-
VLQD 6LQ HPEDUJR ORV GDWRV VRQ HVFDVRV \ QR
SHUPLWHQHVWDEOHFHUFODUDPHQWHHOSDSHOGHHV-
WRVPHFDQLVPRVGH VXSUHVLyQYLUDO3DUDGyMLFD-
PHQWHFRQHVWHSDSHOEHQpÀFRODVHJXQGDSRVL-
ELOLGDGHVTXHHODXPHQWRGH$03FSRGUtDWHQHU
XQSDSHOSHUMXGLFLDO'HKHFKRVHFRQVLGHUDTXH
HOHIHFWRQHJDWLYRVREUHODSUROLIHUDFLyQDFWLYD-
FLyQUHVSXHVWDFLWRWy[LFD\HQODSURGXFFLyQGH
FLWRFLQDV TXH VH REVHUYD GXUDQWH OD LQIHFFLyQ
YLUDOVHDVRFLDFRQDOWRVQLYHOHVGH$03F/DVX-
SUHVLyQLQPXQLWDULDPHGLDGDSRUHOLQFUHPHQWR
GH$03FHOFXDOSXHGHVHULQGXFLGRSRUSURWHt-
QDVYLUDOHVRSRUODH[SDQVLyQGHODVFpOXODV7UHJ
&' ODV FXDOHV HPSOHDQ HVWH PHFDQLVPR GH
$03FGH IRUPD LQHVSHFtÀFDHVXQDHVWUDWHJLD
XWLOL]DGDSRUHO YLUXVSDUD IDYRUHFHUHOHVWDEOH-
FLPLHQWRGHODLQIHFFLyQ\HYLWDUVXHOLPLQDFLyQ
(QFRQFOXVLyQHOSDSHOGXDOTXHVHREVHUYDFRQ
HO$03FWDPELpQHVWDUtDVXERUGLQDGRDOWLSRGH
FpOXODHQODFXDOHVWiUHJXODQGRODDFWLYLGDGGH
WUDQVFULSFLyQ (O $03F SRGUtD WHQHU XQ HIHFWR
SURWHFWRUSULQFLSDOPHQWHHQFpOXODV LQIHFWDGDV
SHURHQFRQWUDVWH WHQGUtDXQSDSHOSHUMXGLFLDO
HQFpOXODVGHOVLVWHPDLQPXQLWDULRUHVSRQVDEOHV
GHODHOLPLQDFLyQGHODVFpOXODVLQIHFWDGDV$GH-
PiV HO SDSHO GH ODV FpOXODV 7UHJ &' SRGUtD
FDPELDU VHJ~Q OD IDVHGH OD LQIHFFLyQ'XUDQWH
ODLQIHFFLyQDJXGDSRUHO9,+HVWDVXESREODFLyQ
FHOXODU SRGUtD SURWHJHU D ORV LQGLYLGXRV LQIHF-
WDGRV FRQWURODQGR ODH[FHVLYD LQÁDPDFLyQ\ OD
DFWLYDFLyQ LQPXQLWDULD 6LQHPEDUJRHQ OD IDVH
FUyQLFDODH[SDQVLyQGHHVWDVFpOXODVSRGUtDWH-
QHUXQHIHFWRGHOHWpUHRDOVXSULPLUODUHVSXHVWD
LQPXQLWDULD DGDSWDWLYD )LQDOPHQWH HV LPSRU-
WDQWHGLVHxDUPiVHVWXGLRVTXHSHUPLWDQHYDOXDU
HOSDSHOGHODYtD$03F$&3.$GHODDGHQRVL-
QDGHOUHFHSWRUGHDGHQRVLQD\GHODVXQLRQHV
FRPXQLFDQWHVDVtFRPRGHVXVDQWDJRQLVWDVHQ
FpOXODVGHOVLVWHPDLQPXQLWDULRGXUDQWHODLQIHF-
FLyQ SRU HO 9,+ FRQ HO REMHWLYR GH HVWDEOHFHU
QXHYRVEODQFRVWHUDSpXWLFRVGHOWUDWDPLHQWRDQ-
WLUUHWURYLUDORLGHQWLÀFDUSRVLEOHVPROpFXODVGLD-
QDVFRQSRWHQFLDOLQPXQRUUHJXODGRUTXHSHUPL-
WDQUHVWDEOHFHUODGLVIXQFLyQLQPXQLWDULD
,QIHFWLR
AMPc: una molécula clave en los eventos de regulación inmunitaria y en el control de la replicación del VIH
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